A new method for obtaining three-dimensional neutron flux distribution in a reactor has been developed by taking into account the fact that the X-Y planar geometry is generally complex but the geometry along Z-axis is simple. In this method , the finite element method is applied to the X-Y plane calculation and the finite difference method to the Z-axis . (1) where p is the neutron flux, t the neutron source which consists of fission source and slowing down source, Sr the diffusion coefficient for a block, and fr the macroscopic total cross section for a block. Integrating Eq. ( 1) 
The neutron flux distribution in the core is determined by solving Eqs. ( 3 ) and ( 4 ) alternately. The neutron flux convergence criterion is given by
If the neutron flux distribution satisfies the above condition, the inner iteration is terminated and the neutron source 0, and 0, are recalculated by using the converged neutron fluxes
Oz and cbxy. The source iteration process is repeated until the source distribution is converged. In our computer program FEDM, the one-dimensional neutron flux is obtained by solving Eq. ( 3 ) with the finite difference method , and two-dimensional neutron flux is obtained by solving Eq. ( 4 ) with the finite element method.
2. Two-dimensional Neutron Diffusion Program by Finite Element Method A two-dimensional neutron diffusion program (2DFEM) by the finite element method is developed for the three-dimensional diffusion program FEDM. The characteristics of the program 2DFEM are as follows :
The two-dimensional neutron flux pxy in planar geometry is approximated as ( 6 ) where Gj(x, y) is a shape function and pj a point flux at a node point j. By using the Galerkin method, the fundamental equation to be solved is expressed as ( 7 ) where 1, is an axial leakage coefficient obtained from one-dimensional channel calculation.
Substituting Eq. ( 6 ) ( 9 ) where the symbol S is a shape function in the x-e plane and p(x, y)/p(x, e) the Jacobian.
In our program 2DFEM, the coordinate is transformed by using the same class of polynominals used as shape functions ; this method is called as isoparametric transformations(2). The isoparametric technique is thought to be the best for second-order equations and curved boundaries.
We have selected the following polynominal shape function(3) to each node shown in Fig. 4 .
By using the above expressions, Eq. ( 8 ) is rewritten as (11) where the source term cP.4 is,
where Ek is the domain of k-th element.
In the above expression, the scattering term and the fission term are respectively rewritten as follows :
Hence, the problem is now to solve the matrix equation (11). We apply the frontal method") in which the elements are ordered rather than the unknowns. The matrices for each element are assembled in turn, and as soon as every element containing some particular unknown has been accounted for elimination is carried out in the corresponding row and the results are stored. In this way, the only unknown in the core at a given moment belongs to several elements, some of which have already been treated and some of which have not.
3. Iteration Procedure There are two iterative processes to solve an eigenvalue problem of the neutron diffusion equation. One is called as the outer iteration or source iteration to recalculate the source distribution and the eigenvalue with the obtained neutron flux until an agreement is attained between the present source distribution and the previous one. The other is called as the inner iteration for obtaining the flux distribution under the fixed source distribution.
( 1 ) Inner Iteration For the first step, the three-dimensional neutron source distribution and radial leakage coefficients Tz,Txy, and lx, are assumed. The neutron source must satisfy the following relation : (14) where 6 is an integrated source over a block. 
By using this axial leakage coefficient , the neutron flax pxy in each layer are obtained by solving Eq. (11). The radial neutron leakage coefficient lxy from a block is now obtained as (16) where pb denotes the elements in a block. This radial leakage coefficient lxy are substituted into Eq. ( 3 ) and one-dimensional calculation is carried out.
This iterative procedure is repeated for each energy group until the convergence criterion Eq. ( 5 ) The outer iteration is repeated until the following convergence criterion is satisfied : Numerical calculations were performed with the FEDM code in a three-energy-group model for the reactor core shown in Fig. 5 . The cross section of a block is 12 x 12 cm2, which is slightly smaller than that of a fuel bundle for a boiling water reactor. The core is divided into two material regions. Region I contains a strong absorber and Region 11
does not. For comparison, the computer code ADC(5) which adopts the standard fine mesh difference approximation method was applied to the above core calculation.
(1) The eigenvalue obtained with the FEDM was compared with those from the ADC for various mesh widths as shown in Table 1 . In the FEDM calculation, one element was taken to be one block, and fine meshes of 2 and 4 cm width are applied to one-dimensional channel calculation.
The computed eigenvalues are 1.1260 in both cases.
The result by the present code is almost the same as that from the ADC calculation with the finest mesh.
(2) As shown in Table 1 , the computing time by the FEDM is shorter than that by the ADC for obtaining same accuracy on the eigenvalue. Both the results are shown to be in a good agreement.
Demonstration Calculations
For demonstrating the availability of the computer code FEDM, the KUHFR core performance was analyzed. The core configuration shown in Fig. 2 is not suitable for dividing into x-y rectangular meshes or r-e cylindrical meshes, because the reactor consists of two cylindrical sub-cores.
The reactor core was therefore divided into the channels as shown in Fig. 7 and the elements as shown in Fig. 8 
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